D evelopments in breast reconstruction over the last few decades have seen a trend toward the preservation of more native breast skin and an increase in the number of contralateral prophylactic and bilateral reconstructions for high-risk genetic susceptibility.
(including seroma, infection, flap necrosis, and ultimately reconstructive failure). 4, 15 We have developed a technique to harvest a latissimus dorsi flap using standard breast surgery instruments and without requiring repositioning of the patient to cover the lower pole of prosthesis.
Breast reconstruction ideally involves the use of biological reconstruction for control and coverage of the lower pole of the breast prosthesis. This gives the security of fully vascularized coverage of the prosthesis in the event of skin necrosis. The scarless latissimus dorsi flap 16, 17 can harvest a significant proportion of the latissimus dorsi using standard breast surgery instruments and without requiring endoscopic instrumentation. It has the added significant advantage of no donor scar.
PATIENTS AND METHODS
The authors retrospectively reviewed a cohort of 20 consecutive patients with 30 scarless latissimus dorsi breast reconstructions between December 2009 and July 2012 compared with 20 consecutive patients with 27 traditional latissimus dorsi breast reconstructions. All data collected represent senior surgeon's experience (M.L.). Minimum followup was 15 months. Data comprised patient demographics, body mass index, immediate or delayed reconstruction, chemotherapy and radiotherapy status, cancer status, and associated medical risk factors (Table 1) . Outcome measures included operative time, length of stay, and pain requirements of intraoperative and postoperative complications. Major complications include deep vein thrombosis, pulmonary embolism, and skin flap necrosis. Minor complications include seroma, hematoma, infection or cellulitis, reoperation, and implant loss. The objective aesthetic outcomes were evaluated by clinical photographic assessment by 5 plastic surgeons, 5 registrars, 5 nurses, and 5 laypersons using a global (excellent, good, fair, and poor) and subscale standardized assessment (Table 2) . [18] [19] [20] Patient satisfaction was evaluated using the previously validated BREAST-Q questionnaire and scoring template.
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Surgical Technique
Preoperatively the anterior border of latissimus dorsi is marked with the arm at 90° and adducting against resistance to elicit muscle activity. The infra- mammary fold and lateral border of the breast are identified and marked. The patient is anesthetized in a supine position, with the ipsilateral arm free draped. The mastectomy is completed by the oncologic breast surgeon, preserving as much native skin as is oncologically safe. The latissimus dorsi harvest can be done through a periareolar incision or inferolateral submammary incision (Fig. 1) .
The skin flaps are retracted laterally, and the anterior free edge of the latissimus dorsi is found superficially in the axilla at the level of the fourth costal cartilage. Often, the thick edge can be rolled and palpated. It is important not to go too deep until the edge is identified. With the free edge found, dissection proceeds superiorly and inferiorly to the level of the limits of the retractor. It is important to try and keep as much lateral wall of the mastectomy cavity intact. This dissection is performed with 19-cm Tebbetts fiber optic SS retractor, long forceps, and simple long diathermy pencil. The assistant is on the contralateral side to the surgeon to provide adequate retraction and visualization (Figs. 2 and 3) .
Dissection then advances dorsally freeing as much tissue as possible and dissecting the length of the tendon to its insertion. Blunt dissection is performed around the tendon using the index finger. At this stage, it is important to identify the superior edge of latissimus dorsi as it turns caudal to the scapula. Adequate flap dimensions can be raised to the limits of the Tebbetts retractor (Fig. 4) .
The ventral surface can then be safely dissected. Caudally, there are often few vessels, and this is an easy plan of dissection. It is easier to proceed further medially in the ventral plane than in the dorsal plane; this gains an extra few centimeters of flap. The inferior scapula fat pad, in the triangle of auscultation above latissimus dorsi, is a critical landmark as the thoracodorsal vascular axis is superior to this point and this is the landmark for superior to inferior division of the muscle.
The latissimus dorsi is then released from the superior edge at the triangle of auscultation to as far inferiorly as can be reached by the retractor. The yield is usually around 25 × 15 cm paddle. Once the muscle paddle is freed inferiorly, it can be used to provide counter traction while dissecting superiorly to free the pedicle. The thoracodorsal vessels are now easily found and secured; the serratus branch is not usually ligated but can be ligated if more mobility is required. Similarly, the thoracodorsal nerve can be divided at this stage (Figs. 5 and 6).
The last procedure is division of the latissimus dorsi tendon, with the pedicle identified and secured; the tendon can be divided at the fibrous portion.
The muscle is now fully islanded and can be gently stretched across the midline. The pectoralis major is now elevated and can be fully released in the inferomedial quadrant. The latissimus dorsi is secured to the lower free edge of pectoralis major inferiorly and medially, extending to the inframammary fold with 1.0 vicryl sutures (Fig. 7) . Antibiotic wash and insertion of the prosthesis can now be performed. Relatively tension free closure and immediate on table expansion to 75% volume is our usual practice. Single-stage direct-to-implant procedure is also possible at this stage for complete skinand nipple-sparing mastectomies. Care is taken to reconstruct the lateral wall with external bolster sutures, and the wound is closed over 2 suction drains (Fig. 8) .
Statistical Analysis
Statistical comparisons were made with 2-tailed Fisher's exact test with a value of P < 0.05. 
Lee and Miteff • Scarless Latissimus Dorsi Flap
RESULTS
Twenty patients with traditional latissimus dorsi breast reconstruction with 27 flaps were compared with 20 patients with scarless latissimus dorsi reconstruction with 30 flaps. Our data showed that these were a well-matched cohort of patients with respect to baseline demographics and breast cancer profile and treatment (Table 1) . Minimum follow-up was 15 months.
The scarless latissimus dorsi breast reconstruction was equivalent to traditional latissimus breast reconstruction (P = 0.12) for both intraoperative pain requirements and postoperative patient-controlled analgesia. The intraoperative time was compared for both unilateral and bilateral reconstruction, with significantly reduced operative time for bilateral reconstruction of 1 hour (P = 0.014). Unilateral reconstruction showed a 10-minute reduction, which was not significant (P = 0.40).
Patient length of stay in hospital was reduced by 1½ days in the scarless latissimus dorsi reconstruction (P = 0.013). Complications occurred in both groups, with an overall reduction of 25% in the scarless latissimus dorsi group predominately due to reduced seroma formation (Table 3) . No cases of capsular contracture requiring reoperation were noted in either group. Native breast necrosis was managed conservatively in both cases (Fig. 9) . Average implant size was 248 cm 3 and 417 cm 3 for traditional latissimus dorsi flap reconstruction and scarless latissimus dorsi flap reconstruction, respectively.
Patient satisfaction was assessed using the standardized Breast-Q questionnaire. Response rate was 80% for both groups. There was no significant difference in the Breast-Q scores for traditional and scarless latissimus dorsi flap reconstruction, which assesses the satisfaction of the breasts, outcome, and nipple reconstruction and reviews psychosocial, sexual, and physical domains of the patient (P > 0.05) (Fig. 10) .
Aesthetic outcomes were assessed globally, with both groups reporting 77% good to excellent results (P > 0.05) (Fig. 11) . The subscale analysis was statistically significant (P = 0) (Fig. 12 ) when individual assessment of the breast volume, contour, breast mound placement, inframammary fold, and breast scars was considered and tallied. These aesthetic results can be seen in Figs. 13 and 14 .
DISCUSSION
All forms of breast reconstruction carry their own set of advantages and disadvantages; no technique is ideal in all cases. Universal goals in all forms of reconstructive surgery, however, should include, wherever possible, minimizing scars, shortening operative time, and decreasing hospital stay. [23] [24] [25] [26] [27] This procedure has been described before 16, 17 ; however, we hoped to describe clearly our personal technique that requires no endoscopic equipment and no patient repositioning and that can be performed using instruments available to all plastic surgeons around the world. This procedure enables us significant savings in operating time, with the reconstructive surgeon able to start operating with a second team after completion of the first side. Also there are no added risks in turning an anesthetized patient prone. We have also demonstrated a significant reduction in the length of hospital stay, which reduces costs.
Today, importing large skin paddles from the abdomen or back is often not necessary due to the extended oncologically sound preservation of native breast skin. When used, skin paddles from these sites often have significant color mismatch and can produce a less than ideal aesthetic result. Today, we can also use the power of tissue expansion to grow more skin, particularly when the lower pole is covered with well-vascularized tissue. We believe that the avoidance of an imported skin paddle apart from the area of the nipple-areolar complex will give a better long- term result. The "scarless" latissimus dorsi allows this with no unsightly scar but enough laxity in the lower pole to allow faster and more predictable tissue expansion or even direct-to-implant coverage.
In this study, we did not formally assess function or deformity of the back. Only part of the muscle is taken in this technique, and future refinements may allow preservation of tendon and nerve function to the residual muscle. Anecdotally, the scarless group was certainly in no way more functionally compromised than the traditional group. The scarless group obviously had no scars, but some patients did have a minor residual contour deformity. In all cases, this was significantly less than that of the patients with the traditional flap. Formal physical therapy assessments of long-term function will be the subject of further studies.
We expected to encounter an overall decrease in pain in the scarless group, but this was not significantly different in the 2 groups. Longer term followup may show a decrease in the incidence of longer term chronic pain sometimes seen in latissimus dorsi flap donor sites.
One valid criticism of the technique is the lack of the ability to monitor the flap in traditional ways. It was certainly a dilemma when developing the technique but on balance it was felt that the extremely low risk of flap compromise was outweighed by the benefits of no scar, shorter operative time, and no repositioning. There are many examples of buried flaps in the plastic surgery literature: hemifacial atrophy, lymphedema surgery, omental flaps, and pressure sore reconstruction-to name a few. In this study, all 2-stage cases showed viable muscle at the time of implant exchange, and none of the direct-toimplant single stages showed any clinical signs that would suggest vascular flap compromise. The flap is fully islanded and can be stretched significantly across the midline, and so the inset is under very little tension. If using a tissue expander, the device can be left minimally filled if there is any concern. The flap is monitored clinically, that is, its swelling and tissue turgor. If one suspected vascular compromise postoperative, we would suggest duplex Doppler ultrasound evaluation to look for blood flow in the muscle; this has the added advantage of assessing for hematoma or seroma.
We see the great advantage in this technique for bilateral prophylactic mastectomy in young BRCApositive women. We know that prophylactic mastectomy reduces lifetime cancer risk by 90%. 28 However, there are barriers to undertaking this surgery. The diagnosis of BRCA gene mutation is invariably made at an age and time when relationships are in an early stage and body image is crucial. Patients' decision to undergo a potentially lifesaving procedure can be easier if the procedure has no donor-site scars and can be done in a single stage through only a mastectomy or inframammary incision. Submuscular tissue expansion evolved in an era of delayed breast reconstruction. It has the advantage of no donor scar and avoids the need for unsightly skin paddles. In the era of immediate reconstruction, however, there are disadvantages. First, dissection to strip serratus anterior off the chest wall ribs inferolaterally is difficult and often produces significant postoperative pain. Second, due to tightness and fragility of this lower pole coverage, rapid expansion cannot be done, often resulting in a wrinkled redundant skin in the ptotic breast. Third, due to the tightness of the lower pole, tissue expanders can be a little unpredictable. Expanders tend to migrate high and even rotate. If the expander is not fully submuscular, the final implant often shows rippling.
Scarless latissimus dorsi avoids many of these problems. The dissection required to provide lower pole muscular cover avoids the painful periosteal stripping associated with serratus anterior harvest, and tissue expanders or implants can be directly placed at the time of mastectomy and rapidly expanded in a more controlled manner due to the loose lower pole.
The recent advent of biologic ADM reconstructions has flooded the breast reconstruction market with the distinct advantage of no donor-site morbidity. It seems to be the "quick fix" of breast reconstruction and is an attractive option in bilateral reconstruction, especially in young and athletic women. The use of ADM, however, can be disastrous if the ADM becomes exposed or infected, and this may lead to reconstructive failure. Drains are often required for long periods of time due to increased seroma and infection rates. There is also an unknown entity found in ADMs that is variously referred to as the "red breast syndrome" 28 and the additional unknown future risks of xenografts and allografts. ADM devices can be expensive and difficult to access in many parts of the world due to regulations covering the importation of human and animal tissue. We feel that this technique can be performed in parts of the world without access to ADM devices, mainly to provide "lifeboat" protection against the unpredictable risk of mastectomy skin necrosis.
It also shares many of the attractive advantages of ADMs, namely, no donor scar, less operative time than traditional flaps, and shorter hospital stay. This study compared scarless latissimus dorsi reconstruction with traditional myocutaneous reconstruction, but in reality scarless latissimus dorsi reconstruction is probably closer in technique to ADM reconstruction. A future study comparing these 2 techniques more formally along similar lines would be helpful in demonstrating the advantages or disadvantages particularly in terms of function.
One of the patients in this series suffered some native skin necrosis as shown in Figure 9 . The oncologic breast surgeon inadvertently holed out when thinning the tissue behind the nipple. Having a fully vascularized muscle coverage over the entire implant allowed me (M.L.) the confidence to treat this conservatively. Over 4 weeks, the eschar healed and lifted with a very acceptable final result. She had a small nipple graft and tattoo to complete her breast reconstruction. We would not have had this confidence for conservative management with an ADM deep to this necrotic skin. Reconstruction with ADMs does have a number of advantages such as no donor-site morbidity, good control of the infra mammary fold, and lower pole projection. However, it is expensive, with the products ranging from $1500 USD to $3500 USD each (significantly more expensive in Australia). It is therefore not surprising to see many alternatives now being produced at much cheaper cost. Despite this laudable trend, the fundamental risks of infection and exposure remain, and not infrequently, their development is beyond the control of the reconstructive surgeon.
The scarless latissimus dorsi technique has no added cost apart from the implant or the tissue expander and fully covers the entire implant, allowing significant peace of mind should an area of native skin necrosis become apparent postoperatively.
Longer operating times and rolling an anesthetized patient also have inherent risks. These include venous thrombosis, pulmonary embolus, pressure sores, nerve injury, and airway compromise, not to mention surgeon fatigue.
During the standard bilateral latissimus dorsi harvest for breast reconstruction, the reconstructive surgeon can start operating only after both the mastectomies have been completed. This significantly adds to operating time, and the reconstructive surgeon is unproductive for some hours. By contrast, the scarless latissimus dorsi harvest allows reconstruction to begin after the first mastectomy is completed, and thus it significantly reduces operating time and therefore risk.
CONCLUSIONS
This method of breast reconstruction is relatively time effective, requires no patient repositioning, and uses standard breast instruments. It is safe, reducing the risk of exposed prosthesis if native skin necrosis occurs. It requires no endoscopic equipment, expensive ADM, or special training, and it is versatile, able to be used in both immediate and delayed reconstructions, and has particular advantage in prophylactic mastectomy and reconstruction. 
